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Abstract 
Given that surgical castration of male pigs could be abandoned, the problem of product acceptability can become critical in dry-
cured hams, especially when raw material comes from conventional pig husbandry. In this study, we have investigated 16 thighs 
harvested from 8 entire male fatteners that were submitted to 15 months of dry-curing process. Skatole and androstenone were 
determined in subcutaneous fat before (n = 8) and post processing (n = 16). After 15 months of dry-curing, markedly lower fat 
tissue concentrations of androstenone (36%) and skatole (20%) were determined. The reduction was independent of the level of 
boar taint substances. 
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1. Introduction 
According to current trends, surgical castration is likely to be abandoned1 and raising entire male pigs may 
become a widespread practice in the EU. The introduction of this alternative can have negative consequences for the 
dry-cured ham industry, especially for producers reliant on the European markets for raw material supply. Besides 
the inferior raw material quality (e.g. lower fatness and water holding capacity2,3), boar taint presence will be the 
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most problematic issue. This off-odour/flavour of meat ascribed to the accumulation of two substances, skatole and 
androstenone in the fatty tissue, is disfavoured by consumers4. Consumer acceptability depends on the level of both 
substances (according to Walstra et al.5 the sensory thresholds are 0.5-1.0 μg/g fat for androstenone and 0.20-0.25 
μg/g fat for skatole), content of fat (both substances are fat-soluble), processing methods (cooking, smoking) and the 
temperature at which the product is consumed (i.e. cold or hot). Although dry-cured ham is consumed cold (which 
should reduce the risk of boar taint perception), a dry-curing process itself is probably not sufficient to mask boar 
taint6. Published studies on dry-cured ham reported lower acceptability of hams produced from entire male pigs than 
castrates. For instance, Diestre et al.7 found dry-cured hams to be less acceptable when androstenone levels were 
higher than 1.0 μg/g, while Bañon et al.8 reported sensory identifiable boar taint in hams with 2.0 μg/g and 0.12 μg/g 
skatole. Despite indications that processing is a possible way to reduce boar taint9, little is known on how, and to 
which extent, these compounds are reduced during the manufacturing process10, especially in the case of dry-cured 
hams. The present study compared boar taint levels before and after dry-cured ham processing in order to clarify 
that issue.  
2. Materials and methods 
2.1. Ham processing 
For the purpose of the study, 16 green hams were obtained from 8 entire male pigs (crosses of Landrace⨯Large 
White⨯Pietrain), slaughtered in commercial slaughterhouse at the age of 25 weeks and average weight of 134 kg. 
Hams were trimmed into a prescribed shape (average trimmed weight 12.8±1.4 kg) and processed according to the 
rules of the consortium for Kraski prsut. Shortly after, ham processing commenced; this consisted of salting (only 
sea salt was used, lasting for 18 days at 2-4°C), resting (at 4-6°C and 70-85% relative humidity, lasting for 11 
weeks), drying and ripening phase (at 14-20°C, 60-80% relative humidity, lasting for 10 and 42 weeks, 
respectively), reaching 36.6% weight losses at the end of processing (460 days).  
2.2. Skatole and androstenone determination 
To determine the concentrations of boar taint compounds, samples of subcutaneous fat were taken from the 
carcasses at the slaughter line at the level of last rib, and also on hams at the end of the ripening process (central part 
of the ham, lateral position). Skatole and androstenone in subcutaneous fat were measured using HPLC according to 
the procedure of Hansen-Møller11 modified as described in Batorek et al.3. Concentrations were expressed on the 
basis of the liquid fat. The limits of detection were 0.03 μg/g and 0.24 μg/g for skatole and androstenone, 
respectively. 
2.3. Data analysis 
Data were analyzed using the SAS statistical software (SAS Institute, Inc., Cary, USA). Regression analysis was 
performed using procedures REG and descriptive statistics calculated with UNIVARIATE procedure. 
3. Results and discussion 
In fresh subcutaneous fat, the concentrations of androstenone were in the range of 0.80 to 3.28 μg/g liquid fat 
(with mean value 1.54 μg/g liquid fat and median 1.24 μg/g liquid fat), whereas the concentrations of skatole were 
in the range of 0.03 to 0.62 μg/g liquid fat (with mean value 0.20 μg/g liquid fat and median 0.08 μg/g liquid fat). In 
the dry-cured ham, concentrations were lower: androstenone concentrations were in the range of 0.51 to 2.20 (mean 
value 0.99 μg/g liquid fat and median 0.78 μg/g liquid fat) whereas skatole concentrations were in the range of 0.03 
to 0.41 (mean value 0.16 μg/g liquid and median 0.08 μg/g liquid fat). These differences denote a reduction of boar 
taint substances that reached, after 15 months of dry-curing process, on average 36% and 20% reduction for 
androstenone and skatole, respectively. Although it has been shown that certain processing procedures (for example 
cooking) can reduce androstenone and skatole content in meat products9, to our knowledge there is no literature data 
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dealing with the reduction of skatole and androstenone during a dry-curing process. On the contrary, it has been 
indicated that both substances are relatively stable and could not be significantly affected by the ageing process12, 
which was not the case in the present study. According to Lundström et al.9, skatole is likely to be less persistent 
than androstenone. Unlike androstenone, which is strictly fat soluble, skatole can also be partly solubilised in water. 
This, along with its relatively high volatility, makes it more prone to being lost during salting (through loss of meat 
juice) and evaporation during the entire dry-cured ham processing. In the present study, reduction was higher in the 
case of androstenone (perhaps due to relatively low levels of skatole). It should be mentioned that sampling location 
of fresh and processed fat tissue was different; a sample of fresh fat subcutaneous depot was taken at the level of last 
rib, whereas after the processing, the samples of subcutaneous fat were taken on dry-cured hams. Although sampling 
location could contribute to the variation, Haugen et al.13, summarising several studies, concluded that there was no 
significant intracarcass variation of boar taint compounds in different subcutaneous fat compartments. Thus it can be 
considered that the reduction (36 and 20 % of androstenone and skatole, respectively) can be ascribed to processing. 
Furthermore, the relationship between the levels in fresh and dry-cured samples was very high (R2 being 0.95 and 
0.98, for androstenone and skatole, respectively, see Figs. 1 and 2). This strong linear dependence indicates similar 
reduction rates, not depending on the concentration itself.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (A) Association between the levels of subcutaneous fat androstenone in fresh and dry-cured samples; (B) between predicted values and 
residuals (difference between actual and predicted values). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (A) Association between the levels of subcutaneous fat skatole in fresh and dry-cured samples; (B) between predicted values and residuals 
(difference between actual and predicted values). 
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4. Conclusion 
The present study showed that dry-curing of hams was associated with a substantial decrease in the concentration 
of boar taint substances in the subcutaneous fat. As the study was conducted on a relatively small number of hams, 
further studies would be needed to substantiate our results and also to explain the principle behind them.  
Acknowledgements 
The authors are thankful for financial support from the Slovenian Research Agency (grants L4-5521, P4-0133, 
V4-1417,), and the Slovenian Ministry of Agriculture, Forestry and Food. The authors would also like to thank their 
partners from industry (Pršutarna Lokev na Krasu, d.o.o.) for their contribution in conducting the experiment. 
References 
1. European declaration on alternatives to surgical castration of pigs (2010). http://ec.europa.eu/food/animal/welfare/farm/initiatives_en.htm, 
2010 (Accessed 21.5.2015). 
2. Pauly K, Luginbühl W, Ampuero S, Bee G. Expected effects on carcass and pork quality when surgical castration is omitted. Meat Sci 
2012;92:858-62. 
3. Batorek N, Skrlep M, Prunier A, Louveau I, Noblet J, Bonneau M, Candek-Potokar M. Effect of feed restriction on hormones, performance, 
carcass traits, and meat quality in immunocastrated pigs. J Anim Sci 2012;90:4593-603. 
4. Lundström K, Matthews KR, Haugen J-E. Pig meat quality from entire males. Animal 2009;3:1497-507. 
5. Walstra P, Claudi-Magnussen C, Chevillon P, von Seth G, Diestre A, Matthews KR, Homer DB, Bonneau M. An international study on the 
importance of androstenone and skatole for boar taint: levels of androstenone and skatole by country and season. Livest Prod Sci 1999;62:15-
28. 
6. Font i Furnols M. Consumer studies on sensory acceptability of boar taint: A review. Meat Sci 2012;92:319-29. 
7. Diestre A, Oliver MA, Gispert M, Arpa I, Arnau J. Consumer responses to fresh meat and meat products from barrows and boars with different 
levels of boar taint. Anim Prod 1990;50:519-30. 
8. Bañón S, Costa E, Gil MD, Garrido MD. A comparative study of boar taint in cooked and dry-cured meat. Meat Sci 2003;63:381-8. 
9. Lundström K, Zamaratskaia G, Matthews KR, Haugen J-E, Squires EJ. Pigmeat quality implications of surgical castration and its alternatives. 
PIGCAS Deliverable D3.3 2008; 45-87. 
10. Babol J, Squires EJ. Quality of meat from entire male pigs. Food Res Intern 1995;28:201-12. 
11. Hansen-Møller J. Rapid high-performance liquid chromatographic method for simultaneous determination of androstenone, skatole and 
indole in back fat from pigs. J Chromatog B Biomed Sci Appl 1994;661:219-30. 
12. Haugen J-E, Brunius C, Zamaratskaia G. Review of analytical methods to measure boar taint compounds in porcine adipose tissue: The need 
for harmonised methods. Meat Sci 2012;90:9-19. 
13. Haugen JE, Flåtten A, Andersen Ø. Intracarcass variation of androstenone, skatole and indole fat levels in entire male pigs. EAAP working 
group Entire male pig, 8-9 June 2005, Uppsala, Sweden. 
